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with many unique features that differentiate it from other commodities: it is both a private and public good; it is bulky and difficult to transport; it can be used sequentially and can be recycled; finally, it is a heterogeneous commodity. These factors make it difficult to ascertain water's economic value. Furthermore, water management encompasses political, economic, societal, environmental, and technological considerations. Perhaps most importantly, the right to safe drinking water and sanitation has long been recognized as a human right, and universal access to it is an important policy goal.
4.
These complexities notwithstanding, water should not be a free good-the laws of demand and supply tell us that underpricing leads to overuse and undersupply. Water resources are limited and unevenly distributed, and some (like fossil fuels) are nonrenewable. Water use is found to negatively correlate with water cost (Figure 1 ), suggesting a role for price signals to rationalize water consumption. For example, in the United States, per capita water use in California has declined in recent decades as a result of the implementation of pricing incentives (Kearney and others 2014) . Moreover, free water leads to what is known as the "tragedy of the commons," as evidenced by some regions' rapid depletion of underground aquifers.
5.
Existing price signals are very often off the mark. This paper examines the issue of water pricing through the lens of public utilities. It finds that public utilities in many countries set water prices below the cost recovery level, creating incentives for overuse and underinvestment. This leads to financial losses for public water utilities, underfunding of maintenance, and low investment in new water infrastructure, which in turn results in low water access and quality and large network losses, aggravating water shortages.
6.
Water subsidies, defined as the difference between actual water charges and a reference price that covers all supply costs, are inequitable. They benefit mostly upper-income groups in developing economies, as the poor often have limited or no access to piped water and improved sanitation. Even when the poor have access to piped water, lower levels of use mean they capture a smaller share of the benefits compared with other groups. For example, Cabo Verde, India, Nepal, 
dollars
Average and Nicaragua provide the richest households with $3 worth of subsidized water, on average, for every $1 worth provided to the poorest households.
7.
Getting the price right for water can be an important policy element for managing this essential natural resource and protecting access for the poor. The increasing competition for water resources calls for policy instruments to signal scarcity and create incentives for using water in an efficient, equitable, and sustainable manner. Furthermore, better pricing-especially when it allows for full cost recovery and a normal profit-would help ensure adequate maintenance, attract investment, and promote technological innovation, which in turn will contribute to sustaining or unlocking future water supply and increasing resilience to water supply variability. At the same time, water pricing reforms should be carefully designed to provide affordable water access for the poor through, for example, a progressive tiered tariff structure (see paragraph 44). Importantly, there need not be a conflict between proper water pricing and protecting the poor, not least because only small amounts of water are required to satisfy basic needs for safe drinking water and sanitation. Water pricing reforms should also be complemented by reforms of policies that drive the lion's share of water use, notably agricultural and energy policies.
8.
Experiences in some countries with naturally limited water resources have shown that sound water management can be achieved and water challenges are not insurmountable. Examples include low-income countries such as Burkina Faso and densely populated ones such as Singapore, both of which have no natural freshwater resources other than rainfall. In response to early recognition of the various constraints that limited water resources can impose on their economies, both countries have adopted water pricing policies that allow for full or near-full cost recovery and invest aggressively in water infrastructure. One notable innovation in Burkina Faso is the Bagre "growth pole," in which a huge manmade reservoir supports diverse activities, such as fishing and irrigation for crops. In addition to rigorous water demand management, Singapore has adopted the "Four Taps" strategy-water imports, local catchment water, recycled water, and desalination-to secure its water supply.
9.
Lack of proper management exacerbates water challenges, even in countries with abundant water endowment. A case in point is Pakistan, where, despite an abundance of water a few decades ago, lagging policies have raised the prospect of water scarcity that could threaten all aspects of the economy. The bulk of Pakistan's farmland is irrigated through a canal system, but canal water is vastly underpriced, recovering only one-quarter of annual operating and maintenance costs. Meanwhile, agriculture, which consumes almost all annual available surface water, is largely untaxed. The combination of these policies leads to overuse of water. In the Democratic Republic of the Congo (DRC), a country with an extensive system of rivers and lakes, years of poor management, conflicting water sector regulations, and low cost recovery have created a situation in which consumption of drinking water is far below the regional average and only a fraction of agricultural land is irrigated. Meanwhile, the Colorado River Basin in the western United States, which supplies water to 40 million people and irrigates 4 million acres of farmland, is losing water at dramatic rates. Most of the losses are groundwater, the use of which has not been properly regulated.
10.
Building on extensive literature on water management, this paper aims to help raise awareness of growing water problems and the need for concerted efforts. The efforts of development organizations (such as the World Bank and the United Nations), specialized institutions (such as the World Resources Institute), local communities, and national authorities have resulted in a wealth of knowledge and experience in how to manage water resources. However, the facts that water is an essential, finite, and mostly renewable natural resource and that its future supply needs to be preserved have not always been properly factored into macroeconomic policymaking. This paper complements other work by summarizing growing water challenges, highlighting their macrocriticality, and examining the role of economic (especially fiscal) instruments and institutions in rationalizing water use and promoting investment. The post-2015 sustainable development goals emphasize economic, environmental, and social sustainability for all. The policies implemented to achieve these goals must be coherent and mutually reinforcing. As water issues become an important policy challenge that affects economic stability, public finances, and growth in many countries, the IMF has a role to play in line with its mandate and expertise.
11.
The IMF can play a helpful role in supporting institutions that specialize in water issues by ensuring that macroeconomic policies are conducive to sound water management. Assessing the impact of water challenges on growth and macro-stability can go a long way in garnering needed political and social support for reforms. Under the right circumstances, supporting policies to replace perverse energy and water subsidies with targeted social assistance will help countries achieve more efficient water use. Finally, ensuring fiscal sustainability to support water infrastructure financing and investment can help developing countries improve water access. This can also help sustain or increase future water supply, and strengthen resilience to supply variability.
12.
Several caveats are warranted. The analysis underlying this paper was conducted at the country level and is thus constrained by the availability of comparable data across countries. Because water issues tend to be location-specific even within a country, policy responses must be tailored accordingly. Moreover, since water is essential for economic activities, policies that affect non-water sectors such as agriculture, energy, industry, and trade can have a large impact on water use and supply. Finally, there is an important international dimension to water management, not only reflecting the fact that some water basins cut across several countries 7 but also the need for policy cooperation among countries to help overcome obstacles to reform.
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These important policy issues are beyond the scope of this paper.
7 Actual or potential cross-border issues can come into play where water resources are shared among countries.
Existing or planned dams for flood control, electricity generation, and irrigation often involve technical, economic, and political aspects. Promoting more efficient water use can alleviate potential conflicts. A consensus among all stakeholders is key to settling issues in the long term.
13.
The rest of this paper is organized as follows. Section II analyzes cross-country data on water supply and use to determine where water challenges are more pressing and why. Section III estimates country water price subsidies and discusses possible options for pricing reforms. It also reviews country experiences with markets for water rights, which are gaining increasing attention from policymakers.
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Section IV presents conclusions. The companion note 10 includes a summary of key water issues in the Middle East, Central Asia, and sub-Saharan Africa, as well as five case studies: Burkina Faso, DRC, Pakistan, Singapore, and Yemen.
II. CHARTING WATER CHALLENGES

14.
Water challenges are multifaceted. This paper adopts an economic perspective, focusing on challenges arising from water supply, water use, water access, and the availability of water relative to use, today and in the future. Although water quality and pollution are growing and important issues, they are not addressed here.
A. Water Supply and Variability
15.
Although water covers approximately 70 percent of the Earth's surface, only a small fraction of it is available for human use. Sources of usable (that is, accessible and renewable) freshwater are mainly ground and surface water, including rivers, streams, lakes, and wetlands. Groundwater, such as wells and aquifers, 11 is the largest source of usable freshwater in the world, accounting for 30 percent of the total. In this discussion note, water supply will refer to renewable freshwater resources comprising surface water and recharge of groundwater from precipitation. 9 In 2014 China selected seven provinces to host pilot markets for trade in water rights; in the United States seven states in the Colorado River system are also starting a pilot program to explore the establishment of a market between farmers and urban water authorities.
10 http://www.imf.org/external/pubs/ft/sdn/2015/sdn1511tn.pdf. 11 An aquifer is an underground layer of water-bearing permeable rock or unconsolidated materials from which groundwater can be extracted with a use of a water well. 
16.
The global stock of freshwater is unevenly distributed (Figure 2 ). Over 60 percent of the usable freshwater supply is found in just 10 countries. On a per capita basis, freshwater available in the Middle East and North Africa is only a tiny fraction of that in Latin America. China has roughly the same amount of freshwater as the United States, but it has four times the U.S. population.
17.
While technology advances have been used in some advanced countries to help ease freshwater supply constraints, they are expensive. Desalination remains costly because of high reliance on energy and placement of such plants is generally more feasible near coastlines. While recycled water may be a viable long-term alternative, setting up production facilities requires substantial upfront investment, which can be prohibitively expensive.
18.
Water supply is also subject to variation, which affects most countries. Four countrylevel indicators, calculated by the World Resources Institute (WRI) to measure different aspects of water variability, 12 show that out of 179 countries and territories, 119 have at least one aspect of high variability (Annex Table T1 ). Thirty-four countries-all, except South Korea, developing-are vulnerable to high water variability in at least two aspects. 
19.
Highly variable water supply adds to the challenge of ensuring that water is available when it is needed. Transportation and storage could mitigate these challenges, but these require building and maintaining expensive infrastructure as well as more sophisticated planning. Unfortunately, many countries that face high water variability do not invest enough in increasing water supply resilience and have low storage capacity; this is particularly true for low-income countries such as Eritrea and Niger (Figure 3) .
B. Water Use and Intensity
20.
Water use is complex to measure, as water is not a homogenous good and is subject to sequential uses. Withdrawals of water-total water diverted for human use-are widely used to proxy the reliance of human activity on water.
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It is the broadest measure that encompasses domestic, agricultural, and industrial use of water. But water withdrawals do not properly capture the intensity of recycling or the impact on water quality.
21.
Global water withdrawals have increased exponentially as a result of rising population and economic growth. Estimates dating back to the year 1700 suggest that global water withdrawals have risen by a factor of 40 (Shiklomanov 2000) , far exceeding the 11-fold increase in population over the same period (Table 1) . The other primary factor-increasing economic activity and income-is evidenced by a more than hundred-fold increase in global GDP. Shiklomanov (2000) , and IMF staff calculations.
22.
A country's water withdrawals tend to be highly correlated with the size of its population, economy, and agricultural land (Annex Figure A1) . The 10 countries withdrawing the most water include seven out of 10 of the most populous in the world, six of the world's 10 largest economies, and five of the 10 countries with the most land cultivated for agriculture (Table 2) . Withdrawals in India, China, and the United States dwarf those of all other countries, given their combination of large populations, economic size, and agricultural sectors. 13 Data on and estimates of water withdrawals are available for a wide range of countries and time periods. This paper uses estimates from Gassert and others (2013 
23.
Wealthier countries typically use less water per unit of GDP and more of it per person (Annex Figure A2) . The relationship between income and water use is affected by two trends that work in opposite directions. Rising per capita income is reflected in increasing water use per person, driven primarily by factors such as more meat-intensive diets and higher consumption of manufactured goods (Flörke and others 2013; Hoekstra and Chapagain 2007) . On the other hand, given that agriculture accounts for about 70 percent of total global water withdrawals (Shiklomanov 2000) , water use per unit of income declines as income rises and the agricultural sector's role in the economy decreases; thus, for example, water withdrawals in Europe and North America have declined in recent decades (Annex Figure A3 ).
24.
Water intensity, defined as water withdrawals per unit of GDP, is unrelated to the abundance of water in a given location. One would expect water intensity to be positively related to the available supply of water if the economic structure of a country develops along the lines of its comparative advantage. But data suggest no correlation between intensity and water supply or its variability (Annex Figure A4 ). This could indicate either inefficient use of water resources or a nonlinear relationship, with intensity unrelated to water availability below a certain threshold and strongly related to it once supply constraints become binding. These hypotheses require further investigation.
C. Water Scarcity: Access and Stress
25.
Water scarcity is a relative concept that can occur at any level of water use and supply. The scarcity can be economic or physical:
 Economic water scarcity is lack of access to or unequal distribution of water. It can be caused by lack of infrastructure investment or poor institutions to satisfy water use even in areas with It can be assessed by computing water stress, generally defined as the ratio of water withdrawals over the total amount of renewable water supply.
26.
Despite recent improvements, economic water scarcity remains a daunting issue for many developing countries. Almost 10 percent of the global population-mostly poor and marginalized-still lack access to safe drinking water sources according to the latest WHO/UNICEF estimates.
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The situation is even more severe for water sanitation, with more than 2.5 billion people (one out of every three) lacking access to sanitation facilities. At the regional level, sub-Saharan Africa has the lowest coverage of safe drinking water, while Africa and South Asia have the lowest access to water sanitation.
27.
A country can experience severe water stress (that is, physical water scarcity) regardless of its stage of economic development (Annex Figure A5 ). With relatively high population density and low water endowments, the Middle East, the Caribbean, the Pacific island countries, and a few countries in Africa and Asia (for example, Libya, Morocco, and Singapore) are commonly found to face high water stress. The World Resources Institute's Aqueduct project found that 36 countries already face "extremely high" levels of baseline water stress.
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This means that more than 80 percent of available water resources is withdrawn annually, leaving these countries vulnerable to shortages and variability. 
28.
Benign water stress indicators at the country level can mask considerable variation within the country. Although a country may not face high water stress at the national level, high water stress could be observed at the basin and regional level. Large water variation within a country has the potential to trigger regional disputes over water resources, leading to social instability. Data on the standard deviation of water stress across different water basins within a country show that among the 20 countries with the highest regional variation, 15 (including China and the United States) do not face high water stress at the country level (Annex Figure A6 ).
29.
High water stress does not necessarily lead countries to economize on water use. Several countries in Central and South Asia are among the most waterintensive economies despite their high water stress (Figure 4 ). This suggests that competition for water resources has not led to water being used for activities with more value added. In some cases, groundwater is pumped to supplement surface freshwater supplies, resulting in rapid depletion of underground aquifers. All these underscore the challenges of rationalizing water use and adjusting the structure of economic activity in the face of water stress. For example, the pricing structure of major crops in Pakistan has impeded the adoption of more efficient technology and less-water-intensive crops. Fuel subsidies in Yemen, which were reduced in 2014, contributed to the rapid depletion of groundwater and the distorted production costs that favor water-intensive crops (for example, qat).
30.
Underinvestment in water infrastructure is widespread, and it can exacerbate water scarcity. According to the World Health Organization (WHO) (2014), the financing requirement for developing countries to increase water access and sanitation to 88 percent and 75 percent by 2015 respectively was US$18 billion per year, and the cost of maintaining water services was US$54 billion per year. But the actual spending on the sector was only US$14-16 billion. Many developed countries have aging water infrastructure, with water networks nearing the end of their design lives. For example, 75 percent of urban water networks in the United Kingdom are more than 100 years old. As a consequence of underinvestment, water infrastructure is inefficient, with leakage losses as high as 45 percent in some OECD cities (Gurría 2014 ).
D. Putting Together Water Challenges
31.
No country is spared water challenges ( Figure 5 ). Understanding the causes of water stress (demand factors, supply factors, or both) and examining water access are important because policy responses would differ. Per capita annual water use and supply data are used to investigate causes of stress and access (Annex I). . Countries are scored from 0 to 5, with 0 being the lowest stress and 5 being the highest. 2/ Average variability is a simple average of the scores for interannual (1950-2008), seasonal (1950-2008), flood (1985-2011), and drought (1901-2008) 
32.
Countries facing high water stress need to rationalize water use and/or identify other water resources (Figure 6 ). High water stress can be attributed to extensive water use (for example, Australia, Mexico, Tajikistan, and Timor-Leste), water resource constraints (for example, India, Singapore, and Yemen), or both (for example, Azerbaijan, Pakistan, Saudi Arabia, and Uzbekistan). Given the difficulty and cost of developing alternative sources of water supply for many countries, the focus should be on policies to better rationalize water use. Some of the countries with high water stress also face economic water scarcity (Annex Figure A7 and Annex Table T2 ), suggesting that the effect of demand factors may increase as these countries try to improve water access for their populations. 
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33.
Low water stress does not imply an absence of challenges in water management. Despite high per capita water use, some countries' low stress is explained by their abundant water endowment (for example, the United States), suggesting scope for improving water management to rationalize use. Many other countries with low water stress are low-income countries that currently have low per capita water use and also need to improve water access for their populations (for example, Bolivia, Burkina Faso, DRC, and Lao P.D.R.). As improving water access, urbanization, and growing income are expected to increase water use in these countries, policies need to preempt rising water stress in the future. On a positive note, some countries (for example, Denmark) have been able to rationalize water use, achieve universal water access, and maintain low water stress in the face of water resource constraints.
34.
Addressing water challenges is complicated by the fact that policies that affect water use, directly or indirectly, are mostly set according to political or administrative boundaries, such as nations or states. The issue of "tragedy of the commons" and overexploitation of water can arise when two or more countries or states that share the same water basin have policies and management frameworks that lack a holistic understanding of sustainable development across the entire basin. On the other hand, different policies and regulations governing water use may be warranted in a country that has several distinct water basins. An attempt to ensure "equal treatment" within the same country may instead lead to a system that disincentivizes efficient use of water.
E. Water Sustainability
35.
Long-term scenarios forecast large increases in water use that, for many countries, cannot be met by existing supplies. With expected growth in population and economic activity, future global water use will far exceed today's level. 20 At the same time, freshwater availability is expected to remain more or less fixed in the coming decades. While expecting further improvements in efficiency is not unreasonable, their impact is highly uncertain. The consensus among analysts is that even substantial technological advances and investment would be insufficient to close the projected future gaps between water supply and water use. 
36.
Closing the gaps will require policy adjustments to better rationalize water use. Since water is bulky and costly to transport, an overabundance in one locality does not translate easily into alleviating shortages in another. There is also a great deal of uncertainty surrounding the ability of international trade of agricultural products to substitute for domestic water scarcity (Liu and others 2014) . Furthermore, climate change is expected to exacerbate water sustainability through higher precipitation variability and increased evapotranspiration in areas where temperatures increase (Schlosser and others 2014) .
III. GETTING INCENTIVES RIGHT
37.
Policies to signal scarcity can be an important part of the solutions to water challenges. This section analyzes issues in water pricing and discusses options for reforms. Where cross-country data are available, we focus on drinking water and wastewater provided by public utilities. Limited data availability does not permit the inclusion of agricultural water use (which is the lion's share of total withdrawals) in the analysis. However, water pricing by public utilities can serve as a microcosm of the broader problem, which is that underpricing disincentivizes water conservation and investment. We also review the benefits and costs of informal and formal markets for water rights and summarize some general principles in establishing such markets.
A. Issues in Water Pricing by Public Utilities
38.
Through public water utilities, most countries subsidize water, creating incentives for overuse and imposing a substantial fiscal burden. Subsidies occur whenever a price gap exists between the price charged for water and a reference price that covers all supply costs, including depreciation and maintenance of infrastructure. These subsidies are rarely reported or appropriately funded; instead, they are reflected in the underfunding of maintenance, the deterioration of water infrastructure, and financial losses for public water utilities. This in turn necessitates capital injections or new investment at a future date to maintain the level of services. Ultimately, a large share of the fiscal costs of water subsidies is borne by subnational authorities responsible for providing water. Given the low revenue capacity of these governments, this fiscal burden squeezes their ability to provide other essential public services.
39.
The "price gap" approach is widely used to identify and estimate subsidies. This paper follows the price gap approach for estimating water subsidies but adjusts the reference price upward for countries suffering from water scarcity (Annex III). Based on this approach, water . Developing Asia has the largest subsidies in absolute terms (US$196 billion), with China accounting for more than two-thirds of that amount. Cost recovery is particularly low in South Asia despite its higher externalities from groundwater depletion. Subsidies are also substantial at the country level, reaching above 5 percent of GDP in seven countries: Azerbaijan, Honduras, Kyrgyz Republic, Mongolia, Tajikistan, Uzbekistan, and Zimbabwe.
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All of these countries except Honduras and Zimbabwe face high water stress (Annex Figure A8 ).
40.
On average, water prices in advanced economies for households and industry use tend to be at or close to cost recovery levels. However, some advanced economies continue providing subsidized water for agriculture and electricity generation, contributing directly to the substantial underpricing of water and indirectly to pricing distortions in the agricultural and energy sectors (OECD 2006 and 2010b) . For example, a few OECD countries continue to apply no charges to irrigation water abstraction. However, these subsidies are not captured in our analysis owing to the difficulty of obtaining information on the extent of irrigation and energy generation subsidies. Moreover, issues of appropriate management of water resources are important for advanced economies as well, given that prices do not necessarily reflect externalities.
41.
Water subsidies are inequitable. Water subsidies mostly benefit upper-income groups in developing economies, as the poor often have limited or no water access.
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Even when the poor do have access to piped water, lower levels of use mean they capture a smaller share of the benefits compared with other groups.
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In three low-income economies for which data are available, the poorest 20 percent of the population received, on average, less than 11 percent of subsidies incurred by public water utilities, while the 22 The reference price is adjusted for labor costs (downward) and for countries suffering from water scarcity (upward). Data on water prices and water consumption are drawn from Global Water Intelligence Global Water Market database. 23 In many regions where water is scarce and access is limited during the day, middle-and upper-income groups have systems in place that allow them to store water for use throughout the day. 24 In the case of agricultural water use, access to irrigation by poor farmers should be a key consideration in determining the share of subsidies to the poor. (Figure 8 ). Subsidies are less inequitable in emerging market economies, where the poorest received, on average, 22 percent of the subsidies. However, these numbers mask important differences across economies: for example, the poorest receive about 11 percent of subsidies in India and 36 percent in Chile.
42.
Prices rarely reflect the externalities associated with water use. These externalities include those linked to the extraction of nonrenewable sources of groundwater 25 and the impact of renewable and nonrenewable water use (particularly in agriculture and industry) on water pollution, vulnerable watersheds and deltas, and so on.
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In principle, addressing the depletion externality requires that a scarcity value be reflected in extraction charges that rise over time. These charges should increase (at the rate of interest under some simplifying assumptions) as water resources are exhausted, similarly to what is laid out in the standard Hotelling model for nonrenewable resources (Tietenberg and Lewis 2014) .
43.
Due to the lack of data, very few empirical studies measure these externalities. To begin with, the practical design of prices to correct for externalities is complex, mainly reflecting the fact that the size of the externality is highly sensitive to local conditions, such as how rapidly the water table is declining. Based on an analysis for the U.S. state of Kansas, Pfeiffer and Lin (2012) suggest that externalities are modest, causing water use to exceed efficient levels by only 2½ percent. But externalities can be much larger in developing economies where water scarcity is more severe and prices charged for its use are significantly lower or nonexistent, compounding the problem of overconsumption. For example, Reddy (2005) finds externalities of about US$120-US$200 per rural household in a study covering the Indian state of Andhra Pradesh, with the precise value depending on the degree of water scarcity. A highly crude extrapolation of this result to the entire country would estimate externalities of around 1½ percent of GDP in India. An even simpler extrapolation to other economies (Figure 9 ) suggests that the annualized depletion externality is generally less costly than for India, partly because agriculture is less dependent on irrigation in most other economies. 25 Extraction of groundwater can be excessive because users are not charged for lowering the water table, which can raise pumping costs for other users. 26 Water pollution can be severe, especially in developing economies, and can impose costly damages. For example, it is estimated that in China the annualized damage due to water pollution is about 2 percent of GDP (World Bank 2007). Water pricing reforms are essential to rationalize demand, improve the delivery of services, and unlock additional water supply. Pricing reforms could improve cost recovery in public water utilities, strengthen the fiscal balances of subnational governments, raise investment in water infrastructure, promote efficiency in water use, and incentivize the development of new technologies. Notably, water pricing reforms and, more broadly, strengthening the management of public utilities will help reduce large commercial and physical water losses (Figure 10 ). However, water pricing reforms will need to be accompanied by reforms of policies that drive water use in agriculture, trade, and energy. Moreover, they will need to consider affordability to ensure water access for the poor. The poor spend a larger part of their income on water than the rich in developing economies (Figure 11 ), given the poor's high expenditures on private vendors. Surveys also indicate that the poor are willing to pay even higher prices than current levels, although not enough to fully recover costs (Guha 2007; Halpern and others 2000; Vasquez and others 2009) . Targeted income assistance can be provided to ensure that the poor are just as well off as before the reforms.
45.
Several options are available for structuring prices to make safe water affordable to the poor. One option is to establish a dual tariff structure that provides a certain amount of water at subsidized prices to everyone and charges a higher tariff beyond that level. For the poor to benefit, this approach requires high levels of access by the poor to the public water network. A second option is to subsidize water at public pumps. This type of subsidy is selftargeted, especially if the pumps are available only in low-income neighborhoods. The third option is to subsidize water connections for the poor, improving their access to water at prices below those charged by private vendors. Empirical evidence of the distributional incidence of these options is limited, though Komives and others (2005) argue that the second option could reach a higher share of the poor.
46.
The most desirable approach will vary by country, depending on the access of the poor to the existing water network and administrative capacity. For example, Burkina Faso introduced a progressive tariff grid for drinking water based on the volume of use, with the higher tiers subsidizing the lowest tier as well as part of sanitation activities. In Singapore, there is no subsidized "basic" water consumption; instead, the government provides targeted help for low-income families. Admittedly, full cost recovery can be politically and socially difficult to achieve. In addition, the amount of financing needed to improve water infrastructure can overwhelm the abilities of some developing countries, even if they achieve full cost recovery of public utilities. This situation highlights the need to mobilize financial assistance to help these countries overcome water challenges, including access to financing for water infrastructure.
47.
Our country case studies suggest that reforms are much more likely to succeed if there is greater public awareness of water challenges and if water management is left to strong and independent institutions.
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Box 1 summarizes key policy lessons from the five case studies.

The autonomous Public Utilities Board in Singapore enjoys wide support and is responsible for all aspects of the water cycle (such as collection, production, distribution, and reclamation). It undertakes significant investments and, since 2005, has regularly issued bonds to finance these investments. Similarly, Burkina Faso's public water utility, l'Office national de l'eau et de l'assainissement (ONEA), charged with water management in urban areas, has been instrumental in achieving a remarkable improvement in the population's access to drinking water. Performancebased service contracts between ONEA and the government were introduced in the early 2000s, bringing in experienced private management and large infrastructure investments by donors. Elements of the public-private partnership that were essential to its success include arm's length management contracts, performance benchmarking with independent monitoring, new infrastructure investments based on strict financial sustainability, performance-based compensation for the private manager, and cost recovery tariffs.
In DRC, where less than half of the population has access to safe drinking water (compared with an average of 73 percent in sub-Saharan Africa), the public water utility for urban areas has been experiencing a steep decline in its operational performance since the 1990s, due to high operating costs, inadequate water tariffs, and low collection rates. The weak water institution is a reflection of the country's poor institutional environment, which also affects other sectors (for example, mining).
48.
Reform priorities will differ among countries depending on their circumstances. For developing economies in which water and sanitation access levels are low, a priority is to expand the water distribution network and raise capital spending, which in turn may require additional fiscal resources. At the same time, it is important that resources mobilized by pricing reforms are in fact used for investment and maintenance spending to boost access to water and sanitation. Many countries-developing or not-whose populations enjoy good access to water and sanitation need to increase capital spending to repair aging infrastructure and sustain future water supply. Ensuring adequate maintenance spending is a priority in all countries. Burkina Faso: Restricted access/high costs for water can bring about homegrown solutions to improve efficiency and reduce per capita use. Resilience to variability of water supply can be improved through aggressive government investment strategies, while public water utilities can achieve cost recovery for drinking water access, provided they focus on independent management, cost recovery, financially sustainable investment, quality of service, and social objectives. Burkina Faso still faces major water challenges-a large infrastructure gap, low access to sanitation, and still-high vulnerability to water shocks-likely to be aggravated further by high population growth, contamination, urbanization, climate change, and structural transformation, and these call for even more aggressive policies.
Box 1. Country Case Studies: Key Policy Lessons
Singapore: High-level political support for farsighted policy objectives and strong institutions, including an autonomous institution in charge of water management, is among the key factors that enabled Singapore to put in place a comprehensive water strategy. The Singaporean approach is not limited to diversification of water supply sources. It also relies on (i) rigorous water demand management that recovers costs to the fullest extent possible while protecting the poor through targeted social assistance, (ii) continued investment in new technologies, and (iii) involvement of the broad society in water conservation. The rapid improvement in living standards and industrialization of the economy with a significantly reduced role of the agricultural sector may have helped secure broad support for the government's water strategy.
DRC:
The water situation in DRC mirrors the weaknesses of other sectors (mining, oil extraction), where delays in the passage of crucial legislation and limited capacities of state institutions such as ministries and administrative bodies are impeding full exploitation of an otherwise abundantly available and diversified natural resource. More broadly, problems with water also reflect acrossthe-board governance challenges after three decades of internal conflict. The current crosssubsidized system is not working properly, given the very low collection rate. While investment in the water and sanitation infrastructure is a potential channel for enhancing the inclusiveness of growth, there are large regional differences in the allocation of investment. The institutional environment is crucial for adequate management and expansion of the water infrastructure, and a more equitable distribution of funds could reduce the urban-rural gap in access to water and let the most disadvantaged benefit from DRC's recent growth of mining export revenues.
Pakistan: While Pakistan has the necessary natural endowment and the world's most extensive irrigation system, harnessing these assets requires a paradigm shift in water policy and management in a context that would emphasize demand-side measures that promote conservation and control of excessive groundwater exploitation. The thrust of reforms needs to be on improving water-use efficiency in agriculture, which continues to dominate water consumption while escaping taxation at the federal level and bearing a light tax burden at the provincial level. Such reforms would require greater engagement of stakeholders at the local level in water management and capacity building of water management institutions, as well as reforming agriculture taxation systems in the provinces. The nexus between water and electricity is the other area calling for reform of water and electricity subsidies.
Yemen: There is an urgent need for Yemen to improve its water resource management. A broad reform agenda, along with well-coordinated donor support, is needed to boost water supply, rationalize consumption, and improve efficiency. Most important, Yemen needs to implement price-based reforms and to change the legal and social understanding of water rights to reflect the true cost of water resources and minimize inefficient use.
49.
Regulatory reforms are also important to rationalize demand for water and address externalities. The externalities associated with the overuse of water can only partly be addressed by higher tariffs and taxes that raise the price of water; in many cases, improvements in regulations governing the water sector will also be needed, since water is mostly extracted directly by users from the ground, rather than purchased from public water utilities. Both property rights and regulations will have to be strengthened to help promote the efficient use of water. Regulatory reforms can also help promote greater use of clean technologies, better water management, and the allocation of water to its most productive uses. In this context, some developed countries have made progress in addressing water costs related to externalities, using a variety of fiscal tools (mostly fees and charges) and other instruments such as permits and regulations (OECD 2010). Germany, for example, has introduced water extraction charges, with the dual objectives of decreasing extraction and raising revenue for environmental protection. In Belgium's Flanders region, groundwater charges increase with the total amount of groundwater pumped. In Canada, most provinces levy license fees to major water users. 
50.
Achieving greater efficiency in water consumption will require reforms of other policies that drive water use, directly or indirectly. Agriculture uses about 70 percent of all water withdrawn from the ecosystem (FAO 2014) . In many countries, the inefficient use of water in agriculture stems from an array of nonwater policies that restrict economic diversification, reducing opportunities for employment outside agriculture and discouraging farmers from diversifying into higher-value crops. These policies include trade restrictions, as well as rigidities in land, real estate, and financial markets (World Bank 2007b) . Other policies that encourage wasteful use of water in agriculture are price supports and subsidized credit. Subsidized energy prices also create disincentives for efficient use of water in agriculture, as they reduce the price of pumping groundwater. For example, data suggest that countries with low prices for diesel fuel tend to have greater withdrawal of water for agricultural use (Figure 12 ).
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C. Markets for Water Rights
51.
To the extent that water pricing mechanisms do not exist or inaccurately reflect the economic value of water, allocation of water resources across sectors is likely inefficient. In theory, the development of markets (that is, permitting voluntary, mutually beneficial trades) could result in water moving to its highest-valued uses (Olmstead 2010) .
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Such water markets exist both formally and informally. Some countries (for example, Australia, Chile, and Mexico) and the western United States have established formal mechanisms of water trading (that is, in accordance with a set of rules and regulations approved by governments at national or subnational levels). Informal water markets are common in South Asia and also existed in Mexico before a formal mechanism was introduced.
52.
Formal water markets can bring sizable net benefits. Key benefits stem from redirecting water toward more productive uses and from reducing price differentials. For example, in Australia, the establishment of markets for water rights has led to a shift toward higher value-added agricultural production and adoption of more efficient irrigation technologies (Bjornlund and McKay 2002) . In the United States, multifold differences in prices paid for water by different agents in neighboring areas indicate potential gains from water trading. For example, Brewer and others (2008) found that some farmers in Arizona paidUS$27 per acre-foot while nearby urban customers paid from US$479 to US$3,267 per acre-foot. Prompted by the drought in 2014, seven states in the Colorado River system are starting a pilot program to explore a market between farmers and urban water authorities to help maintain water volumes in Lake Powell and Lake Mead.
53.
Formal markets for water rights are still rare. Factors holding back development of these markets include legal complexities (pertaining to definition of water rights, mechanisms of their 28 Regression analysis conducted by staff suggests that, after controlling for GDP per capita, a 1 percent increase in the price of diesel would reduce water withdrawal per capita by 0.7 percent. 29 Water marketing is not the only way water can be reallocated across sectors to address inefficiencies in the current allocation of supplies. Other potential allocation mechanisms include administrative transfers and redesign of largescale water projects to favor different groups of users. distribution among agents, and establishment of means of monitoring and enforcing contracts), shortage of necessary infrastructure (when distances between potential counterparts are large), and search costs (ability to identify buyers and sellers, especially in areas that are not highly populated). A proper setup requires strong legal, institutional, and accountability frameworks-areas in which many countries may be lagging (World Bank 2007) . If they fail to meet these conditions, markets for water rights may do more harm than good, exacerbating water challenges.
54.
Informal markets for water rights may result in distortions. For example, in South Asia, farmers who are wealthier and can afford large groundwater wells with pumps sell water to smaller farmers who cannot afford such infrastructure at a high "monopoly" price with payment taking the form of cash, labor, or share farming (Bjornlund and McKay 2002) . This lucrative opportunity to sell pumped water with low costs (due to energy subsidies) leads to lower agricultural production, widening of income gaps, and faster depletion of underground aquifers. Although informal markets are, technically speaking, not legal and their functioning may be imperfect, governments tend to turn a blind eye, hoping that these arrangements will solve the problems of water allocation among competing users.
55.
Successful establishment of markets for water rights needs to follow some general principles. Building institutions for trading water rights and meeting these principles can be a challenging process even in advanced economies, not to mention developing countries, where institutional and policy frameworks tend to be weaker.
30
 Water rights need to be defined in a clear, socially accepted, environmentally sustainable, and enforceable manner. This can be difficult because water is a common pool resource-excluding users is costly and consumption is rivalrous, not only at a given point in time but also across generations). One also needs to be mindful of the way the land rights are defined, especially for plots adjacent to water basins.
 Introduction of formal systems should deal with preexisting practices. In the absence of wellspecified arrangements, water extractors tend to see their current allocations, often reflecting historical practices, as established rights.
 Establishment of a water rights market requires a sufficiently large number of potential buyers and sellers in proximity to each other. These buyers and sellers also need to be in an area with a relatively stable water supply, transparent and accepted measurement systems, administrative systems that register and enforce deliveries, well-maintained delivery infrastructure, and judicial systems capable of resolving conflicts and enforcing environmental legislation.
 Water markets need to be sufficiently flexible. This reflects the need to accommodate changes stemming from both the demand (for example, new crops that require significantly more or less water, emergence of new or exit of existing agents) and supply (for example, drought) sides.
56.
There are limits to what markets for water rights can do. Water markets are unlikely to eliminate, or sometimes even significantly reduce, price differentials because water is a multidimensional (legally and hydrologically) commodity. There may also be market imperfections driven by local factors. Water markets are likely linked to specific water basins and thus limited by existing infrastructure. Such markets tend to have a small number of potential traders of disparate size, and information flows and links could be insufficient.
IV. CONCLUDING REMARKS
57.
Given water's vital role in sustaining life and the rising demand for its use, sound water management is necessary to rationalize use and ensure availability, in particular access by the poor and vulnerable. Water's unique features and the social, environmental, and political aspects surrounding it have often led it to be managed as if there were no limits to its supply. However, many parts of the world are already experiencing shortages, and the pressures are only expected to rise in the coming decades. In some locations, a low endowment contributes to these shortages, but mismanagement of water-especially the price set on its use-is usually a driving factor, both directly (by maintaining water prices below cost recovery) and indirectly (for example, by subsidizing industries that rely on water, such as agriculture and energy). By contrast, as this paper and the accompanying background note show, some countries have successfully managed these challenges by adopting appropriate pricing mechanisms, strengthening water management institutions, and investing in infrastructure, maintenance, and new water-saving technologies. But even countries that are not facing immediately pressing water challenges should take action or risk doing too little, too late. By focusing mainly on the underpricing of water by public utilities, the analysis in this paper likely only touches the tip of the iceberg. Nevertheless, it flags the issue of how economic policies can help address water challenges and support environmental and social sustainability.
58.
The IMF can-and should-play a helpful role in ensuring that countries' macroeconomic policies are conducive to sound water management. Since water challenges affect economic growth, public finances, and poor and vulnerable social groups, they are of immediate importance to the membership. In collaboration with other institutions such as the World Bank, the IMF can help most directly by assessing the impact of water challenges on growth and macro-stability. In addition, the IMF can encourage macroeconomic policies to "get the incentives right"; for example, replacing perverse energy and water subsidies with targeted social support under the right circumstances. Finally, by designing macroeconomic policies that create fiscal space or catalyze financing, the IMF can help countries increase water-related investment to improve water access and strengthen resilience to supply variability. It can also advise countries on strengthening their public investment management systems, which will contribute to adequate maintenance spending and better prioritization of public investment.
ANNEX I. DATA AND DEFINITIONS
1.
Water withdrawals. A drop of water, once withdrawn from its natural source, ends up in one of three states: "consumed"-either embodied in a product or returned to the atmosphere through evapotranspiration; "recycled"-employed for additional human use; or "discharged"-allowed to run off, whether into the ground or a body of water. An ideal measure of water use would directly account for the number of times a drop of water is recycled before discharge, but such a measure does not exist. The measure of water withdrawals includes all the three categories.
2.
Data sources. Data on water supply and withdrawals are from the Food and Agriculture Organization's Aquastat 31 and WRI's Aqueduct database respectively. Building on the databases that are often at the water basin level, the WRI's Aqueduct database 32 also provides comparable water risk indicators at the country level.
3.
Water intensity. Defined as water withdrawals per unit of GDP, water intensity could serve as a proxy for the efficiency of water use. It allows for identifying potential water issues if analyzed together with other water indicators. For example, high water intensity and water shortages together may be indicative of the need to raise the efficiency of water use and increase recycling efforts (see paragraph 28). However, water intensity provides little information about the efficiency of use without looking at the underlying explanatory factors, as it does not take into account recycling and sequential water use.
4.
High water stress. A country is said to have "high water stress" if WRI (2013) classifies it as either "extremely high water stress" or "high water stress". That is, its rate of water withdrawals to supply is equal to or more than 40 percent or the WRI's water stress indicator is equal to or higher than 3. Otherwise, a country is said to have "low stress."
5.
Low water access. For evaluating water access we use the latest WHO/UNICEF estimates. A country is considered to have "low water access" if less than 75 percent of the population has access to either safe drinking water or improved water sanitation. A country is said to have "high access" if the proportion is higher than or equal to 75 percent for both drinking water and sanitation.
6.
High water supply. According to UN Water (the UN inter-agency coordination mechanism on all water-related issues), when annual per capita renewable freshwater availability is less than 1,700 cubic meters, countries begin to experience periodic or regular water stress. 33 Thus, a country is defined to have "high water supply" if its per capita water supply exceeds the UN threshold for 31 http://www.fao.org/nr/aquastat. Water supply is "internal renewable water resources," defined as long-term average annual flow of rivers and recharge of aquifers generated from endogenous precipitation.
32 http://www.wri.org/our-work/project/aqueduct 33 When renewable freshwater availability is below 1,000 cubic meters/person/year, water scarcity begins to hamper economic development and human health and well-being. renewable water supply of 1,700 cubic meters per person per year. Otherwise, it is considered to have "low water supply."
7.
High water use. A country is defined to have "high water use" if its per capita water withdrawals exceed 680 cubic meters (i.e., 40 percent of the water supply threshold) per person per year. Otherwise, it is considered to have "low water use." The thresholds for water use and supply are consistent with the water stress threshold of 40 percent. 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010 World Europe
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Figure A4. Water Intensity and Water Supply
Water intensity across countries is not found to be related to water supply or its variability. The first number refers to water stress score which ranges from 0 to 5, and the second refers to the minimum of the proportion of population with access to safe drinking water and access to sanitation. For most low-income countries, their access to safe drinking water is higher than access to sanitation. 1/ Inconclusiveness reflects the data discrepancies between WRI and FAO. For example, Egypt is classified as "low stress" according to the WRI classification. However, when using FAO data, it is categorized as "high stress" because it has relatively high water use but low supply. Numbers in parenthesis are annual per capita water use and annual per capital water supply in cubic meters.
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ANNEX III. METHODOLOGY FOR ESTIMATING WATER SUBSIDIES
1.
The methodology used here is broadly similar to the price gap calculation the IMF has used to estimate energy subsidies. 
2.
Subsidies. Cost-recovery pricing of water requires that the revenues a utility company receives from consumers cover the costs of operations, maintenance, and capital spending necessary to maintain efficient operations. If revenues are lower than this cost, then utilities make an explicit loss on operations, or they do not maintain their existing capital stock, leading to inefficient operations in the future. In order for the utilities to stay in operation then, they must receive support from the government to make up for this difference between the costs and the actual revenues. This is what is called a subsidy in this paper. Subsidies are calculated as:
( 1) This can also be expressed using a per-unit calculation which is then scaled up with national water supply:
(1b) * * This calculation is done for both drinking water and wastewater supplied by utilities.
3.
Costs. Since data on actual costs for utilities are not widely available, they are estimated using a reference cost-recovery price, and scaled up by the level of utility water supplies for the country. in 2004 necessary to recover the costs of operations, maintenance and capital in most high-income cities. This cost is assumed to be the same for drinking water and wastewater. Costs in developing countries would be lower due to lower costs of labor. In order to produce a reference price for this paper, the price used in the GWI's report is adjusted to account for three factors: (i) general price inflation that occurred between 2004 and 2012; (ii) lower labor costs in developing countries; and (iii) varying levels of water scarcity:
$1 * * *
The inflation adjustment for all countries was calculated as the ratio of GDP deflator in the USA in 2012 to GDP deflator in the USA in 2004. This raised the reference price about 18 percent to $1.18.
The adjustment for labor costs was applied only to the portion of costs that labor accounts for. According to the 2014 GWI Water Market report (GWI 2014) , labor costs accounted for about 24 percent of water operating costs. We also assume a similar ratio for non-operating labor costs. Thus, 24 percent of the reference price is adjusted for differences in the level of wages. Data on wages are taken from the ILO's Key Indicators of the Labor Market database, and are converted into US dollars using market annual-average exchange rates from the WEO database.
The water scarcity adjustment takes into account that the economic value and reference price for water should be higher where water is scarce. To undertake this adjustment, we use estimates of water scarcity published by Gassert and others (2013) of the World Resources Institute (WRI), which assigns a score to each country based on the level of current water extraction and remaining water supply. High stress countries have higher scores, since they extract or consume more water than required to maintain supplies stable over time. The WRI study considers scores below two to be low to medium levels of stress. In this light, the stress adjustment is calculated as the ratio of the country's stress score to two. The cost recover price is then scaled up by this factor.
As an example, using equation (3) and these adjustments, the reference price for a developing economy with a high stress score of 5, can be calculated as:
(4) $1.18 * * 0.8 * 0.24 0.76 $2.81
4.
Revenues. Data on utility revenues are also estimated for this paper. While the GWI did estimate total national utility revenues in 2008 (GWI 2008) , this calculation has not been updated since then by the GWI or other organizations. However, data on utility drinking water and wastewater tariffs in 2012 are available for a large sample of over 80 countries in 2012 from the GWI. Using this and data on water supply, a series can be constructed to estimate utility revenues at a national level according to the following equation:
(5) * * 100%
where non-revenue water represents the share of water on which utilities do not receive revenue, either because of distribution losses, theft, or inadequate collection of revenue. These data are taken from GWI (2014).
In practice, tariffs are frequently differentiated according to household consumption level, through block tariffing. However, since consumption data is not available at a household level, an average tariff is used. This tariff is taken as the average cost for a household consuming 15 m 3 per month. Data on tariffs are taken at a utility level from GWI (2014) , and correspond to 2012. A national tariff is calculated as the population-weighted average of these observations using UN urban population data.
Since some countries have data on total national revenues in 2007 reported in the GWI 2008 report, but do not have data on prices in 2012, we perform the subsidy calculation using 2007 data, and assume that subsidies represent the same share of nominal GDP in 2012. For costs we calculate the reference price using the GDP deflator in 2007 rather than 2012 for the adjustment.
5.
Water supply. For the purpose of these calculations, water supply data are taken from the GWI 2008 report, the last year that it is available. It is then scaled up to 2012 by assuming a growth rate equal to that of real GDP.
